Effectiveness of oral mucositis (OM) pain control with the current standard of care management was assessed using clinician and self-reported scales in hematopoietic stem cell transplant (HSCT) patients. A prospective observational study was performed using clinician-assessed In conclusion, this study highlights the potential advantages of using patient self-reported scales in the local clinical setting. The use of the OMDQ self-reported scales could lead to earlier changes in therapy and may prove useful in HSCT patients.
INTRODUCTION
Hematopoietic stem cell transplant (HSCT) is an important modality of treatment for patients with hematological malignancies (Abdul Wahid et al., 2014; Rafeah and Fadilah, 2009) . However, HSCT is associated with various complications and adverse effects (Wahid, 2013) . Unfortunately, 75%-99% of patients undergoing HSCT suffer from oral mucositis (OM), which is often associated with significantly poor clinical and economic outcomes (Bensinger et al., 2008) . Of all the complications of HSCT, patients view OM as the single most debilitating complication of HSCT (Sonis et al., 2001) . OM involves a complex biological process influenced by cytokines, effects of chemotherapy on the epithelium, generation of reactive oxygen species, and bacterial flora of the oral cavity. It is postulated to develop in five interdependent phases, which are initiation, primary damage response (messaging and signaling), amplification, ulceration, and healing (Bensinger et al., 2008; Sonis et al., 2001) . Severe pain from OM compromises verbal communication and impairs swallowing abilities, impacting nutritional status and compliance to oral medication. This often leads to the use of parenteral narcotics for relief of pain (Sonis et al., 2001) .
There are limited data about the characteristics of OM in our population of HSCT, which utilizes high-dose chemotherapy with or without radiotherapy. Influencing factors are still largely conflicting (Bensinger et al., 2008; Chai et al.; Sonis et al., 2001) . We postulate that factors affecting the extent and severity of OM may be influenced by population characteristics (Loh et al., 2013) . As for the management of OM, strategies largely focus on preventive approaches. However, there is still a disparity in the evidence supporting any one of the topical agents in the prevention of OM (Bensinger et al., 2008) . Although patient-controlled analgesia with morphine is the treatment of choice, topical anesthetics do provide short-term pain relief on an empirical basis (Bensinger et al., 2008) . These agents, however, do not come without adverse effects.
There is currently no "gold standard" for assessing the severity of OM. Clinical assessment may be based solely on objective assessments of the oral mucosal or a combination of both objective and subjective assessments (Loh et al., 2013; Stiff et al., 2006) . The clinician-assessed World Health Organization (WHO) scale (Stiff et al., 2006) is widely used and is sufficiently sensitive for OM caused by both chemotherapy and radiotherapy. However, perceptions of mucositis may differ between patients and clinicians and may lead to inadequate treatment of symptoms. For a more accurate assessment, patient's self-reported tools (Stiff et al., 2006) such as the OM daily questionnaire (OMDQ) have also been used together with the WHO scale (Stiff et al., 2006) . The OMDQ is a simple feasible self-monitoring tool that can be used by cancer patients (Stiff et al., 2006) . However, the patient's self-reported assessment of OM in our HSCT population has not been extensively studied.
In the Asian population, patients have been known to under-report pain when assessed by clinicians (WHO, 1979) . In the Asian population, patients may tend to under-report pain due to a greater negative attitude toward pain and its management (Chen et al., 2012) . As such, equipping patients with a selfreporting instrument, independent of intervention by healthcare professionals, may help identify if OM pain is adequately addressed. Considering the impact of OM on patient's treatment management, quality of life, and healthcare cost, it is imperative to understand more about this condition and its natural course in our patient population. Therefore, the aim of this work was to assess the effectiveness of OM pain control with the current standard of care management using both WHO scores and OMDQ.
MATERIALS AND METHODS

Study design
This is a prospective observational pilot study carried out across two HSCT centers, involving a universal sampling of patients consecutively admitted for conditioning regimen. The inclusion criteria were a minimum age of 18 years old, OM WHO grade 0 at the time of receiving conditioning regimen, ability to read, and not receiving investigational agents for OM. Exclusion criteria were subjects who were unlikely to comply with or complete the study (e.g. mental incapacity), and receiving non-myeloablative conditioning regimen as previously defined (Bacigalupo et al., 2009) . The study was approved by the National Medical Research and Ethics Committee (ID: 1.5.3.5/244/NF-006-14), and all patients gave written consent.
HSCT management
Conditioning regimens used for autologous transplant were high-dose melphalan (HDM) (melphalan 100-200 mg/m 2 IV for 2 days) and BEAM (carmustine 300 mg/m 2 IV for 1 day, etoposide 200 mg/m 2 IV and cytarabine 200 mg/m 2 IV for 4 days, melphalan 140 mg/m 2 IV for 1 day) (Bacigalupo et al., 2009 ). Regimens used for allogenic transplant were Bu/Cy (busulphan 1 mg/kg PO QID for 4 days, cyclophosphamide 60 mg/kg IV for 2 days, and mesna 60 mg/kg IV for 3 days) and Flu/Bu/ATG (fludarabine 30 mg/m 2 IV for 6 days, busulphan 1 mg/kg PO QID for 4 days, antithymocyte rabbit 2.5 mg for 2 days, or equine 30 mg/kg for 3 days) (Bacigalupo et al., 2009) . Allogenic transplant patients received methotrexate 32-45 mg/m 2 IV and a starting dose of cyclosporine 6 mg/kg IV as graft-versus-host disease prophylaxis (Bacigalupo et al., 2009) .
Data collection
Patients were followed up a day before the conditioning regimen (day 0 of study) until discharged. Demographic and clinical data were obtained from hospital records. Daily assessment of OM was performed by healthcare providers using the WHO Oral Toxicity Scale (Zhu et al., 2016) . Patients were also taught to record in a daily diary containing the OMDQ scale (Stiff et al., 2006) . The study was conducted to respect the patients' anonymity.
WHO oral toxicity scale
Daily assessment of oral mucosal was performed by healthcare providers using the WHO Oral Toxicity Scale (Zhu et al., 2016) . Grade 0 corresponds to an oral cavity with no lesions, grade 1 corresponds to the presence of erythema and soreness, grade 2 corresponds to erythema and ulceration with the ability to eat and drink, grade 3 corresponds to extensive erythema and ulcers with the inability to eat solids, and grade 4 corresponds to the presence of marked erythema, ulceration, and pain where oral alimentation is impossible with/without bleeding.
Oral mucositis daily questionnaire
Severity of OM was assessed by patients using a daily diary containing the OMDQ scale (Stiff et al., 2006) , which was taught to them at enrollment. OMDQ incorporates questions on overall health with a response of 0 = worst possible to 10 = perfect health. Severity of mucositis was assessed from 0 = no soreness to 4 = extreme soreness. The impact of OM on functional status was assessed through swallowing, drinking, eating, talking, and sleeping with a response for each task ranging from 0 = not limited to 4 = unable to do. Diarrhea was assessed through a response of 0 = none to 4 = severe diarrhea, and the overall severity of diarrhea was assessed with a response of 0 = no diarrhea to 10 = worst possible diarrhea. A higher score indicated a more severe condition, except for the overall health question.
Patients were also assessed on the effectiveness of the medication given for OM. Effectiveness of medication was assessed on a scale of 0 = no relief to 4 = complete relief (Stiff et al., 2006) . Adverse effects of medication and a daily mouthwash record were also added into the diary.
Statistical analyses
Analyses were done using IBM ® SPSS ® version 22. According to the WHO and OMDQ scale, mucositis was defined as mucositis (WHO Grade 1-2, OMDQ Q2 response 1-2) and severe mucositis (WHO Grade 3-4, OMDQ Q2 response 3-4) (Vagliano et al., 2011) . Correlation was defined as negligible or not correlated (0-0.25), fair correlation (0.25-0.50), moderate-good correlation (>0.50-0.75), and very good to excellent correlation (>0.75) (Manji et al., 2012) . Associations of interest were assessed using Fisher's exact test (categorical data), independent-t-test (two groups of continuous data), one-way analysis of variance (ANOVA) (≥3 groups of continuous data), Spearman's correlation coefficient (ordinal data), and Pearson's correlation coefficient (continuous data) and its p-value, as appropriate. p-value was set at <0.05 as significant. Table 1 describes the demographic and clinical characteristics of the 23 patients. Collectively, there were 100 recorded days of mucositis by the WHO scale and 144 reported days of OM by the OMDQ scale, with 18% and 14% of those days reported as severe OM, respectively. The presence of OM throughout the study period was observed in the same patients (n = 14, 60.9%) in both the WHO and OMDQ scales, although the severity of the OM reported differed. The mean time to onset of OM was 12.5 days (SD ± 2.7, range: 9-19 days) from chemotherapy and/or radiotherapy administration according to WHO scales, which was significantly different from the 9.4 days (SD ± 4.1, range: 1-17 days) reported by patients through OMDQ (t = 2.397, p = 0.024). There was no significant difference in the mean days to peak OM or duration of OM between both scores. Mean to peak OM was at day 14 for both WHO (SD ± 2.8, range: 9-19 days) and OMDQ (SD ± 3.6, range: 8-23 days) scores. OM typically lasted for a mean duration of 6.3 days (SD ± 1.97, range: 3-9 days) according to WHO scores and 9.86 days (SD ± 4.5, 1-22 days) according to patient's OMDQ report [t (26) = 2.71, p = 0.01].
RESULTS
Demographics
Presence of oral mucositis
Patients received various types of oral mouthwashes according to local practice. This included OralSeven ® mouthwash (65.2%) and various other combinations (30.4%). Only one patient (4.4%) did not use any mouthwash. As shown in Table 2 , there were several significant factors associated with the incidence of mucositis. A higher actual body weight [t (21) = 2.15, p = 0.044], BSA [t (21) = 2.31, p = 0.031], and BMI [t (21) = 2.13, p = 0.044] were significantly associated with the presence of OM in the study population. Those who stayed longer in hospital (21.2 ± 2.83 days) were also more likely to report OM compared to those with a shorter duration (18.6 ± 1.94 days) [t (21) = 2.45, p = 0.023). Other significant findings related to the presence of OM were busulphan-based therapy that caused OM more than melphalanbased regimens (c = 4.32, p = 0.038).
Pain relief
A total of seven (30.4%) patients required topical analgesics, three (13%) required systemic morphine, and three (13%) required a combination of both. Looking at the 83 individual incidences of documented pain or analgesics administration, 42 (51.8%) episodes required topical analgesics, 28 (33.7%) episodes required systemic morphine, and 13 (14.5%) episodes required a combination of both. A total of 73 (88%) episodes of analgesic administration were graded as having some degree of pain relief. However, the degree of pain relief was inversely correlated to both the degree of WHO graded OM severity (ρ = −0.586; p < 0.001) and the severity of self-reported pain (ρ = −0.375; p < 0.001).
It was demonstrated that there was a significantly higher episode of complete pain relief with topical agents as compared to other treatments (c = 48.8, p < 0.001) (Table 3) . Conversely, most of the pain episodes requiring systemic morphine only achieved moderate to no relief. A total of three patients reported adverse effects with analgesic use. Two patients were on a combination treatment and reported vomiting and stinging of the oral mucosal. One patient reported stinging of the oral mucosal with topical agents. Table 4 shows the relationship between patients' reported OMDQ scores with WHO scores by healthcare providers, which were all significantly correlated. Mouth and throat soreness, Table 1 . Demographic data and characteristics of study subjects (n = 23).
Correlation between OMDQ and WHO scores
Patient characteristics
Number of patients swallowing, eating, drinking, talking, and sleeping had a moderate to good correlation with WHO scores (ρ = 0.50-0.75, p < 0.001).
Overall health, diarrhea, and overall diarrhea had a fair correlation with WHO scores (ρ = 0.25-0.50, p < 0.001).
DISCUSSION
Approximately, two-thirds of patients undergoing HSCT experience some degree of OM (Bensinger et al., 2008) . The frequency of OM is dependent on various factors and differs from one population to another (Loh et al., 2013) . In this particular work, the incidence of OM was slightly lower than previously reported (Bensinger et al., 2008) . However, both the clinician reported WHO and patient-reported OMDQ scales were able to assess the presence of OM successfully, albeit with different results. The patient selfreported OMDQ was able to capture an earlier onset of OM compared to the WHO scale. Patients also reported a longer OM duration than those reported by their clinicians. This suggests that patients may tend to under-report mild pain when enquired by healthcare providers, possibly demonstrating a more reserved behavior found widespread in the Asian population (Chen et al., 2012) . The presence of OM was found to be higher in patients with higher body weight and those on a busulphan-based regimen. Patients with a higher BMI and BSA had a significantly higher incidence of mucositis in this study. This may be due to larger absolute doses of chemotherapy used. Busulphan, which was administered according to the actual body weight, may have influenced this outcome. A higher number of OM in busulphanbased regimens have been similarly demonstrated (Styler et al., 2015) . The best model for dosing busulphan whether based on ideal body weight, actual body weight, or adjusted body weight in normal or obese patients is still controversial. Some recommendations lean toward using models that yield the lowest dose (Bacigalupo et al., 2009; Styler et al., 2015) or using adjusted ideal body weight in obese patients (Gibbs et al., 1999) . Whether these would have resulted in over-dosing when the actual body weight was used, resulting in a higher incidence of OM in this study warrants further investigation. The presence of OM was also associated with a longer duration of hospitalization in the current work. Mucositis-driven limitations in diet, increased requirements for mouth care, and pain management contribute to delays in discharge (Wardley et al., 2000) .
Most of the reported pain episodes achieved some degree of pain relief with the analgesics administered. However, patients on systemic opioids reported little to no pain relief. It has been reported that Asian patients tend to have undertreated pain, especially in more chronic settings (Chen et al., 2012; de Wit et al., 1999) . Poor pain control could be due to the reluctance to request for stronger analgesics, fear of adverse effects, and opioid addiction or tolerance (Manji et al., 2012; Salvador et al., 2012) . These findings correspond with previous research and serve to substantiate both the presence of pain and the challenge of managing it successfully. The differences in perception between patients and clinicians on the pain severity of OM have been a major limitation in optimum management. In patients, the mildest symptoms can trigger discomfort, while clinicians look for more complex manifestations such as infections. The time at which patients are assessed may also contribute to variations in reporting.
The use of a tool that is able to accurately measure both the patient and clinician's concern is required (Fadilah et al., 2008) . As evident, an overall positive correlation was observed between OMDQ and WHO scales. This was further supported by positive correlations for each component of the scale. This is not unexpected since the WHO scale incorporates both objective assessments of the oral cavity and subjective assessments of the condition of the patient. Among the varying components of OMDQ that assessed patients' functional status, the sleeping component was least correlated. Whether this finding could be related to opiates disruption of sleep (Boonstra et al., 2010; Breuer et al., 2011; Moore and Kelz, 2009) or other factors such as drug side effects (e.g. anti-nausea medications causing insomnia), chemotherapy side effects (e.g. diarrhea, nausea, or vomiting causing sleep disruptions), or emotional status and mood (Boonstra et al., 2010; Breuer et al., 2011) requires further investigation. The fair correlation between diarrhea and overall diarrhea between the two scales may be due to the WHO scale that focuses solely on assessments related to the oral cavity and does not account for mucositis of the other areas of the gastrointestinal tract. The overall health component in OMDQ, however, was also only fairly correlated with the WHO scale and may be related to the multitude of other issues faced by patients such as lethargy, gastrointestinal pain, muscle aches, nausea, and vomiting (Kartin et al., 2014) , which is not addressed by the other questions in the OMDQ or WHO scale.
There were a few limitations to the current work. First, while this study highlighted several interesting findings, the small sample size would limit the generalizability of the outcome beyond the immediate sample, although it may be helpful when faced with similar patient populations. Furthermore, as with all self-reported studies, results of the work are dependent on the honesty of the respondents when filling in the OMDQ diaries. Finally, the differences in treatment of OM could also lead to different pain responses in the OMDQ scales when compared to the WHO scales. Therefore, performing the study among a larger set of HSCT patients could allow for sub-analysis of OM grades and treatment type, to ensure a more accurate understanding of OM pain between grades.
CONCLUSION
In conclusion, this data provide important preliminary insight into the scope and impact of OM in the Malaysian HSCT setting. It is clear from the data that OM pain continues to be a clinical problem in this type of patient population and emphasis should be placed to determine the problem and to ultimately decrease OM distress. The use of the OMDQ self-reported scales could lead to earlier changes in therapy and may prove useful in transplant patients when used in conjunction with the clinicianassessed WHO scale. Spearman coefficient ρ, p < 0.05 considered significant.
